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The present invention provides a method for the differential diagnosis 
of bacterial meningitis in an individual in need of such diagnosis, comprising 
the steps of: measuring the levels of complement C3 and complement factor 
B in the cerebrospinal fluid of said individual; and determining whether said 
individual has bacterial meningitis based on the levels of complement C3 
and complement factor B in the cerebrospinal fluid of said individual. Also 
provided is a method for the differential diagnosis of bacterial meningitis in 
an individual in need of such diagnosis, comprising the steps of: measuring 
the levels of complement factor B in a sample from said individual; and 
determining whether said individual has bacterial meningitis based on the ■ 
levels of complement factor B in the sample from said individual. 
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BACKGROUND OF THE INVENTION 

Federal Funding Legend 
15 This research was supported in part by the U.S. 

government by NIH grant NS29719. Consequently, the 
government has certain rights in this invention. 

Field of the Invention 
2 0 The present invention relates generally to the fields of 

medicine, neuroimmunology and protein chemistry. More 
specifically, the present invention relates to a method of 
discriminating bacterial from aseptic meningitis. 



2 5 Description of the Related Art 

Bacterial meningitis occurs in about 25,000 cases per 
year in the United States with an overall mortality rate of from 10- 
35%. About 30% of individuals with acute bacterial meningitis 
experience seizures and about 10-30% of those who survive a case 

3 0 of bacterial meningitis exhibit long-term neurological sequelae. 

Bacterial meningitis remains a major cause of 
morbidity and mortality, with a high incidence of residual 
neurological impairment (reviewed in Quagliarello & Scheld 1992). 
3 5 Early diagnosis and immediate onset of adequate antimicrobial 
treatment are essential for the survival of patients with bacterial 
meningitis (Lieu et al. 1992). However, establishing the diagnosis 
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,.nce cUnica, signs of acute „„, 

accurate,, d.fter.nua.e between bac.er 1 and a^ep 
5 (Lindq.is. e, al. .988, ' J " , „emngius is 

different,a.io„ between bacer.al and -^P'^ ™* 
diffieuU as both ate inflamntatoty d.seas . 
defense responses and cUn.ca, symptoms^ D ffe 

r "nt ZrTZ rrTdiir .nfott„„ate,y, t. 
I 0 cerebtosptnal flu d o ^^^^ .^^ 

::t;!f.:e-ent":. - c...e .snus a . negative . 

xr^girr^^^^^^^^^ - — 

1 5 parameter used for diagnostic purposes. 

Due to the beneficial effects of early therapy in 
I":g.„s, antibiot.es are o^^^^^ 

2 0 htgh rate of P« ^'^ J hospitalization and an 

al. 1991, Lieu el al. 1992). 

0„lv few laboratory parameters ,n the cerebrospinal 
" bactertal ™e-g.t.s w.th almost ^ — 

certainty, such as Pos'-^ve -ebrosp.na 

<Rodewa,d et a^^ 1^^.^ Ho -^-^^^^^^^^^^ 

specific, these P^'""'"^;; ,h„,f„„ not useful in ruUng 

30 al. 1991, Hoen e a l'") a ar ^^^^ 

e n the cerebrospinal fluid are commonly used 

f "/be Tf ren" agnosis of bactenal versus asepttc meningtt.s 

for the diiierenuai ui ^ leukocvie count, 

. I or,H rlifferential cerebrospinal iluia leuKouyi^^ 
,„cb as - ' " ^,„,„,r concentrations, CSF/serum 
3 5 «rebrosp.n ^ fluid P^o - ^^^^^^^ ^^^^^ .^^ ^^^.^^ 

tr :ed Un^qutst et al. .988,. However, the d.agnosttc 
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value of these parameters remains controversial, since their range 
of distribution overlaps widely in aseptic and bacterial 
cerebrospinal fluid (Lindquist ct al. 1988, Spanos et aL 1989, 
Rodcwald et al. 1991, Hoen et al. 1995). 

5 

Two different predictive models have established a 
mathematical discriminant for the probability of bacterial versus 
aseptic meningitis, using r. combination of clinical, laboratory and 
epidemiological data (Spanos et al. 1989, Hoen et al. 1995). These 
1 0 models, although accurate, are cumbersome and rarely used in a 
clinical setting. The identification of a single parameter that could 
serve as a reliable discriminant in the differential diagnosis of 
acute meningitis would be of high clinical value. 

1 5 The prior art is deficient in the lack of accurate and 

cost effective means of discriminating bacterial from aseptic 
meningitis. The present invention fulfills this longstanding need 
and desire in the art. 

2 0 SUMMARY OF THE INVENTION 

Bacterial meningitis is characterized by high mortality 
and a high rate of persistent neurological impairment. Rapid 
etiologic diagnosis is essential for the adequate clinical 

2 5 management of patients with bacterial meningitis. Unfortunately, 

non-specific clinical symptoms and early laboratory findings often 
do not unequivocally differentiate between bacterial and aseptic 
meningitis. Therefore, the identification of a single discriminating 
parameter would be of high value in the differential diagnosis of 

3 0 acute meningitis. 

In one- embodiment of the present invention, there is 
provided a method for the differential diagnosis of bacterial 
meningitis in an individual in need of such diagnosis, comprising 
3 5 the steps of: measuring the levels of complement C3 and 
complement factor B in the cerebrospinal fluid of said individual; 
and determining whether said individual has bacterial meningitis 
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,.ed on the levels ol" co.ple.en. C3 an. co.ple.en. faao. B . 
the cerebrospinal fluid of said individual. 

In another embodiment of the present - ^ en tion^ there 
. .thnd for the differential diagnosis of bacterial 

, is provided a method for diagnosis, comprising 

meningitis in an ^"d^vi ua in d o uch^^^.^^ ^^^^^^ ^ ^ 

the steps of. measuring the levels J whether said 

sample from said individual; and ^e^^^"^'"^"- of 

U provided a method for the diagnosis, comprising 

™en,ng,tis ,n an tndiv.dual ^ ^^f 'JJ^^J^ ,3 ,„ , .a,.ple 
, 5 the steps of: '''', ;;;^ „,„„ whether said indiv.dual has 

TL of co.p,e™e„. .he 

sample from said individual. 

0- »-"'-/r:p:::rfr t^r fX:.:: 
r j;rr or;r;r:t,rpr:;^e. e.hod..ents o. the 

■nvention gtven for the purpose of d.solosure. 

- ' BRIEF DESCRIPTION OF THE DRAWINGS 

so that the .natter in which the a-e-recited fean.es, 

adva„.ages and objects of '"-""""^ ^I'^^a in detail. 
30 Win becotne ciear. are at.atncd and - und 

„.e particular ^'^'^J^J'l "Z^. etnbodtntents thereof 
above itiay be had by reference ^.^^j^ drawings 

which are illustrated in the .^PP^" ^'^f ,„ever, that 

fortn a par. of .he 'P-.f.-.- „ ed elodiments of the 

- rnUrllt^a— ed — th^^^^^^^ 
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Figure 1 shows the complement levels in the 
cerebrospinal fluid of patients with bacterial meningitis (BM; 
n=22), aseptic meningitis (BM; n=21), and controls (n=64). The 
quantitation of C3 (panel A) and factor B levels (panel B) was 
5 performed by ELISA. Each point represents the mean of duplicate 
samples. The mean value for each group is shown by the 
horizontal bar. The dashed line indicates the cut-off level (mean of 
AM + 2 SD) for differentiation between bacterial and aseptic 
meningitis. 

1 0 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to a method for the 
differential diagnosis of bacterial meningitis in an individual in 

1 5 need of. such diagnosis, comprising the steps of: measuring the 

levels of complement C3 and complement factor B in a sample from 
said individual; and determining whether said individual has 
bacterial meningitis based on the levels of complement C3 and 
complement factor B in the sample from said individual. 

2 0 Preferably, in this method of the present invention, the level of 

complement factor B indicative of bacterial meningitis is from 
about 0.65 |ag/ml. Similarly, in the method of the present 
invention, the level of complement C3 indicative of bacterial 
meningitis is from about 5.8 iig/ml. Preferably, the sample is of 

2 5 cerebrospinal fluid. 

The present invention is also directed to a method for 
the differential diagnosis of bacterial' meningitis in an individual in 
need of such diagnosis, comprising the steps of: measuring the 

3 0 levels of complement factor B in a sample from said individual; and 

determining whether said individual has bacterial meningitis 
based on the levels of complement factor B in the sample from said 
individual. Preferably, in this method of the present invention, the 
level of complement factor B indicative of bacterial meningitis is 
3 5 from about 0.65 ^tg/ml. Preferably, the sample is of cerebrospinal 
fluid. 
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* thp ni-esent invention, there 
U provided a method o he d ^ 

.he »ceps of. '^"^ „,,,Her said individual has 

5 from said individual; and l^"™'" « „mplemen. C3 in the 

.acierial meningU.s based on the eve P 
sample from said indmdual. In 

;„vent,o„, .he level o complem h, C _^ 
meningitis is from about 5.8 ng/ml. 
10 cerebrospinal fluid. 

.nustra^ng various -^odiments o th ^ ve u 
n.eant to limit the present .nvent.on m any 
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25 



T7VAMPLEJ l 

^^^^^^ . • .1 nuid (CSF) levels of complement proteins 

Cerebrospinal fluid (Cbb) ^^^.^^^^ 

C3 and factor B -re jessed y^^ P^^^^ ^^^^^ 
with bacterial memngitis, 22 patients 
64 control patients. 



" C3 and faetor B levels .ere ^f^f:::^ -o 
cerebrospinal fluid of bacteria, mentngm pa t^nts,^ ^V^^^^^ 

30 pat.ent» w.th aseptic ■^^jTlVrebrosptnal fluid levels 

bacterial mentng.t.s C3 ^^^^^ respectively, and a 

showed a specificity ot i ■ ^^^^^ proteins, 

sensitivity and negative predict v a e ^ ^^^^ 

The positive predictive value tor bacte„a ^^^g .^^ 

3 5 C3 and 100% for factor The re ,„,p,ement 

illustrate the determination of aUernat P ^^^.^^^^ 
protein levels in the cerebrospinal fluid 
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diagnostic tool in the differential diagnosis of patients with acute 
infectious meningitis. 

5 EXAMPLE 4 

Patients and cerebrospinal fluid collection. 

Cerebrospinal fluid samples were obtained by lumbar 
puncture from 42 patients with clinically suspected acute 
1 0 infectious meningitis on admission. Twenty-two patients were 
diagnosed with bacterial meningitis, based on positive bacterial 
culture or on detection of bacterial antigen in the cerebrospinal 
fluid. Diagnosis of M. tuberculosis meningitis was based on 
detection of acid-fast rods in the cerebrospinal fluid by Ziehl- 

1 5 Neelsen staining or on positive mycobacterial culture in 

Lowenstein medium. The pathogens were 5. pneumoniae (n = 13), 
H. influenzae (n=3). N. menigitidis (n-2), L. monocytogenes (n=l), 
S. bovis (n=l). 

2 0 Patients with aseptic meningitis were diagnosed based 

on cerebrospinal fluid pleocytosis with a predominance of 
mononuclear cells, negative bacterial and fungal cerebrospinal 
fluid and blood cultures, negative results on cerebrospinal fluid 
antigen detection tests for 5. pneumoniae, H. influenzae, and N, 

2 5 menigitidis, and full recovery without antibiotic treatment. No 

patient had received antibiotics or steroids prior to diagnostic 
lumbar puncture. After cerebrospinal fluid collection, the samples 
were centrifuged for 15 minutes at l,500x g, and the supernatants 
were frozen at -IQ^C until assayed. Control patients (n=64) 

3 0 comprised 20 patients with non-infectious neurological disease 

(intracranial vascular stenosis, polyneuropathy, cervical 
myelopathy, myoclonic syndrome, Arnold-Chiari malformation, and 
genuine epilepsy), 22 patients with lumbar puncture for diagnostic 
orthopedic intervention, and 22 patients who underwent diagnostic 
3 5 lumbar puncture, but were not diagnosed with a neurological 
disease. Cytological and biochemical analysis of the 64 
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normal range. 

yv AMPLE 5 

' «^-^et^S^-.veU o, C3 ana rac.^^^ 
(ELISA). a. previously described (Ko^smann e. a . 19 

- --"-Vc,o\:;::r::r.rtcJ"B^„^^ or a 

used a polyclonal rabb.i an -„tibody. The assays are 

--Tt r: irarJoTB, rip:::;:.,: a„d are se...... 

15 cerebrospinal fluid samples were ^^awed and 

endogenous cleavage of complement protems. 

17 , V AMPLE 6 

Stnti-;ri^^' analysis rh-iracterisiics of C3 

,e calculauon o '^^^^^^'^''l^Z.., bac.eria, 
,5 and facror B "-^'"^-^V - f vel for each prore.n was 
from aseplic meningitis, a cul (Lopez-Cortes 

defined at a "'"V"/Xr t^s cr ter.l, the cut-off 

- a,. 1993. OUmaUr et a^^ 93)^ Usin.^ ^^ ^^^^^ ^^^^^^ ^ 

,.vels ; ,,,,„„,ed as follows-, sensitivity 

3 0 The °P«;"2~' : : i„ .,e bacteria, meningitis population; 
= rate of true posit, ^^^^^.^ 

-rnrn::ti:: t--^;- iirr-os- 

3, ;Xive"l?'rrat:T;ati::s rrbaLrial meningitis amon. 
the test-positive cases. 
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The statistical significance oi" differences between the 
mean complement levels in the cerebrospinal fluid of the different 
populations was calculated using the two-sample l-test assuming 
equal distribution, and confirmed by the non-parametric Wilcoxon 
5 rank sum test. P values of <0.05 were considered to be 
statistically significant. The correlation between complement 
cerebrospinal fluid levels and white blood cell count and protein 
levels in the corresponding cerebrospinal fluid samples wf»s 
calculated using Pearson's correlation coefficient. 

1 0 

EXAMPLE 7 



Results 

Figure 1 shows the levels of C3 (panel A) and factor B 

1 5 (panel B) in the cerebrospinal fluid of patients with infectious 

meningitis and controls. The mean C3 level in the cerebrospinal 
fluid of patients with bacterial meningitis was 44.35 ± 47.91 ^g/ml 
[mean ± SD] (range: 7.19 - 203.91 ^ig/ml), and significantly higher 
than in aseptic meningitis (14.33 ± 16.48 jig/ml; range: 0.17 - 6.65 
20 \ig/m\. P < 0.003) or in control patients (2.49 ±2.18 (g/ml; range: 
0.1 - 10.84 (g/ml. P < 0.001). Similarly, factor B cerebrospinal fluid 
levels were significantly elevated in bacterial meningitis (mean 
(SD: 13.0 ± 15.14 |ag/ml; range: 1.49 - 56.86 M-g/ml) compared to 
aseptic meningitis (0.25 ± 0.20 ^g/ml; range: 0.01 - 0.61 ng/ml. P < 

2 5 0.002) or control patients (0.29 ± 0.26 jig/ml; range: 0.01 - 1.5 

\ig/m\. P < 0.001). For both proteins, the mean in the aseptic 
meningitis group was slightly lower than in the control group, but 
no significant differences were found. 

3 0 In order to discriminate aseptic from bacterial 

meningitis according to the cerebrospinal fluid complement levels 
in the respective population, cut-off levels (mean value in aseptic 
meningitis + 2 SD) were defined at 5.8 and 0.65 p.g/ml for C3 and 
factor B, respectively. Detectable C3 and factor B levels above 
3 5 these limits in bacterial meningitis were 100% sensitive (21/21 
patients). In aseptic meningitis, values above the cut-off level 
were observed in 2/21 (9.5%) patients for C3, and in none of the 
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,00* for C3 and facior B, re pccu ^.^^ 
value for ba«erial menmg.us w . 92J .^^ 
B and both eomplement prolans had 



value for bacterial meningitis. 



.a.e , Show, .e rr^bet 

i„U.a. eerebro.ptna, fluid labora .ry ana ^^^^^^^^^^^ 

pa.en.s with "-'"f .^en' .eve.s and cerebrospina, 

,0 between eerebrosprna, f d co^m^p nuid prote.n 

nnid whue b';;j 7^ pauenls' ourcome. 

concentrations, bacterial b 
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, „, has been d>scassed in the pathogenesis of 
Comp.en,en. h s bee^^ ^,„„,.,„„ed tnflatnm.tory eel s 
hactenal meningttts by ,584, Tuomanen el al. 

i„,„ the subarachnoid space (Ems. „g„ficantly elevated 

„S6,. The present '--"^ ;™:"^^'r,„a factor B .n the 
5 levels of eomplemet. bacteria, meningitis^ 

cerebrospinal fluid of P""- " * „ „„ „evated C3 levels and 
This finding agrees w„h an n.ii in bacter.al 

increased opsonic ac.,v,|y tn he ^^^^^^^ ^ 

meningitis (Zwahlen et al'. l^^-' j.d not otpress C3 

,0 determtned C3 levels ^ ; p,.entage of activity 

,„els as absolute concen.rat on , bu o V ^^^^^^^^^ hy 
i„ pooled serun, (Zwahlen et al high C3 

zwahlen et al. suggested = ""j'; , p„p„,ation of 27 

Lebrosptna, flu.d - / cover, ^^^^ 

, 5 patients wth bactertal ..^blE I), 

conftrnted by the data presented here (s 

rl cerebrospinal fluid levels 
1» P--" '"^^"'""terage O fold higher than in 
i„ bacterial meningitis . °" Ji;""^^;, cerebrospinal fluid 

,0 patients with aseptic J,*^^ .Tbacteria, versus asepttc 

Lvels were il-fdd '>'8'>=^ ~i menrngitis are markedly 
meningitis. The tncrease bac - ^^^^^^^^^ 
higher than the elevated C3 and factor ^ ^^^^ 

t:^rat.matic bra.n .r.^merl.ng et a... ml. ^ 

,5 ,n any other CNS -^^^ <' .erebrosp.na. fluid levels were 

asepttc mentngttis. C3 and actor B , „„w of control 

similar to complemem levels m the ee^ P__^ ^^^^^^ ^ 

patrents. More ™P;' ° ^ ,lstingu,sb,ng bacterial 
cerebrospinal flu.d are f "^^^^^^ 3 cerebrospinal fluid levels 
3 0 from aseptic highly specific (90 5% and 

were mgniy 

sensitive yo.u. meningitis, ana 

^dt:::: :::rof"«% loo*, respectively. 

Mthongb recent data from other studies suggest the 
determination o, pro-inflammatory cy.oktnes ,n 
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fluid as markers for bacterial meningitis, such as tumor necrosis 
factor-a (TNF-a), interleukin (ILP-lp), and IL-6 (Frei et al. 1990, 
Glimaker et al. 1993, Lopez-Cortes et al. 1993, Dulkerian et al. 
1995,), these mediators have shown either low sensitivity (TNF-a 

5 and IL-ip) (Frei et al. 1990, Glimaker et al. 1993, Lopez-Cortes et 
al. 1993) or low specificity (IL-6) (Frei et al. 1990, Dulkerian et al. 
1995) in discriminating aseptic from bacterial meningitis. The 
value of IL-8 cerebrospinal fluid levels in the differential diagnosis 
of infectious meningitis remains controversial (Lopez-Cortes el al. 

0 1995, Ostergaard et al. 1996, Sprenger et al. 1996). 

The present invention demonstrates that the 
measurement of complement C3 in cerebrospinal fluid in the 
differential diagnosis of acute meningitis, can be used as a means 

5 10 exclude bacterial infection (sensitivity and negative predictive 
value 100%), while complement factor B cerebrospinal fluid levels 
may be used for either exclusion or determination of bacterial 
meningitis (sensitivity, specificity, positive and negative predictive 
values 100%). The importance of determining complement 

0 cerebrospinal fluid levels for the diagnosis of bacterial meningitis 
is further illustrated by the example of patient 6 in this study, 
where routine analysis of the cerebrospinal fluid did not 
differentiate between aseptic and bacterial meningitis, whereas 
both C3 and factor B cerebrospinal fluid were indicative for 

2 5 bacterial infection, their levels being 3- to 4-fold higher than the 

cut-off value for bacterial meningitis (see TABLE 1). 

Possible sources of elevated complement proteins in 
bacterial cerebrospinal fluid could be due to leakage from serum 

3 0 into the intrathecal compartment across a dysfunctional blood- 

brain barrier (BBB), since alterations of the BBB permeability 
represent a common feature of bacterial meningitis (Quagliarello & 
Scheld 1992), and normal C3 and factor B levels are several 
hundred-fold higher in serum than in cerebrospinal fluid 
3 5 (Kossmann et al. 1997). In addition, data demonstrate enhanced 
C3 and factor B mRNA expression by neurons and infiltrating 
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WHAT IS CLAIMED IS: 



1. A method for the differential diagnosis of 
bacterial meningitis in an individual in need of such diagnosis, 
comprising the steps of: 

measuring the levels of complement C3 and 
complement factor B in a sample from said individual; and 

determining whether said individual has bacterial 
meningitis based on the levels of complement C3 and complement 
factor B in the sample from said individual. 



2. The method of claim L wherein said level of 
complement factor B indicative of bacterial meningitis is from 
about 0-65 |ig/ml. 



3. The method of claim 1, wherein said level of 
complement C3 indicative of bacterial meningitis is from about 5.8 
lag/ml. 



4. The method of claim 1, wherein said level of 
complement factor B is measured by enzyme-linked 
immunosorbent assay. 



3 0 5. The method of claim 1, wherein said level of 

complement C3 is measured by enzyme-linked immunosorbent 
assay. 



3 5 6. The method of claim K wherein said the sample 

is cerebrospinal fluid. 
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12. The method of claim 11, wherein said level of 
complement C3 indicative of bacterial meningitis is from about 5.8 
|ig/ml. 

5 

13. The method of claim 1, wherein said level of 
complement C3 is measured by enzyme-linked immunosorbent 
assay. 

10 

14. The method of claim 1, wherein said the sample 
is cerebrospinal fluid. 
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